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(57) In a high -power transmitter, an input complex 
signal is mulliplied in w complex mulliplierby conlroi sig- 
nals. The output complex signal from the multiplier is 
converted to a high frequency signal and amplified by a 
power amplifier for transmission. The amplitude of the 
input complex signal is detected to access a memory 
where amplitude and phase correction values aic 
stored. During a read mode of the memory, a set of am- 
plitude and phase correction values is specified by the 
detected amplitude and supplied to the complex ampli- 
flei as the control signals. During a write mode of the 
rncmory, a set of amplitude and phase correction valued 
is specified by a delayed version of the dclcclcd ampli- 
tude and rewritten with a set of new amplitude and 
phase correction values. The amplified high frequency 
signal is do\<vn -converted to a low frequency complex 
signal. The non linearity of the power amplifier is deter- 
mined from « dclwycd version of the input complex sig- 
nal and ih© down-con varied complex signal and the new 
amplitude and phase correction values are produced 
from the detected nonllneariiy and delayed versions ot 
the amplitude and phase correction values which were 
supplied lo the complex multiplier At intervals, Ihe mem- 
ory is switched from the read mode to the write mode 
for updating its contents. 
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Dedcription 

BACKGROUND OF THE INVENTION 
5 Field of [h9 InvenLion 

The prcscrit invention iclaics to lincrih7aiton of power amplifier The picsor^t invention is p^irticulady suitable for 
high-pawcr lincfir Hmpliricntion of widch«nd sic^nHls. 

10 rip lion of Ihg Re la led Ari 

The power amplifier stage of a transmission station is usually operated in a saturated region of its operating char- 
aclcrisltc for high power transmission of signals over long dislan cos. Duclo Iho nonlincttrcharaclorislic of Ihc salurdlcd 
region. inLermodulwlion products occur, c*iu*inQ Ih© original wave lo spread over a ranfle of frequencies which nnighl 

/5 cause adjacent channel interference. To compensate for the non linearity of a high power amplifier, Japanese Provi- 
sional Patent Publication 5ho-62-7890 2 discloses a linearization circuit x'vhere the high-frequency input of a higfi-power 
amplifier is controlled both in amplitude and phase through a negative feedback loop in accordance with a voltage and 
fi phase difference between the amplifier's iriput and output signals so that both differences are reduced to 7ero. How- 
ever, due to Ihs inherenl delay lime of Ihe feedback pa Ih, the prior art linearizalion lechnique is nol suitable for high 

20 speed operation. To alleviate this problem, one prior art scheme called "predistorlion" employs a circuit having a non- 
linear characteristic that is inverse to that of the high-power amplifier This type of approach also suffers from undesir- 
able variations in circuit parameters due to varying temperature and aging. 

The gain and phase imbalances of mixers and summer cause an undesired sideband siQn?^l that requires conn- 
pcnsation if the system is to meet adjacent channel interference (AC!) specifications. A compensation rrkcihodfor these 

25 imbalances is discussed in a paper 'Digital Signal Processing and Direct Conversion for Multichannel Transmitters". 
Scott A. Leyonhjelmet al. 1994 IEEE (0-7B03-1 927-a'94}. pp 494 - 498. According to this method, baseband channels 
are corrtbined through a tiansmultiplexer to form a xvidet>and signal. The system band is directly up-convei1ed via an 
analog quadraiure modulator A vacant channel position is then selected and an undesired sideband (error) signal is 
isolated. This error sicjnal is used by an adaptation al^jorithm (which is based on a form of predistortion) to suitably 

00 modify the scaling coefficient of an inpuL channel. The process is repealed for every channel in Ihc syslcm. The error 
signal is proportional to the magnitude of the sideband signal. The real and imaginary parts of the pre -distort coefficient 
are adjusted accordingly using a simple one dimensional search technique. 

SUMI^ARY OF THE INVENTION 

U is therefore an object of Ihe present invention to provide linaarizalionof high power wideband (highspeed) signals 
and compensation of variations caused by a variety of lime -varying factors. 

According to the present invention, there is provided a transmissior^ apparatus compi ising a comploc multipiicr for 
multiplying an input complex signal by control signals and producing a compensated complex signal, an up<:onvcrlcr 

40 for converting Ih© compensated complex signal to a high frequency signal, and a power amplifier for amplifying the 
high frequency signal for transmission. The amplitude of the input complex signal is detected by an envelope detector 
A memory is provided tor storing amplitude and phase correction values. During a read mode, a set of amplitude and 
phase correction values is specified by the detected amplitude and supplied to the complex amplifier as The control 
signals. During a wrilc mode, a set of ampliludc and phase correction values is specified by a delayed version of the 

45 delected amplitude and rewritten wilhasetof new amplitude andphase correction values. The amplified high frequency 
signal is down-converted to a low frequency complex signal. The nonlinear ity of the power amplifier is determined from 
a delayed version of the input complex signal and the low frequency complex signal and the new amplitude and phase 
correctiof^ values are produced from the detected nonlinearity and delayed versions of the amplitude and phase cor- 
rection values which were supplied to the complex multipiicr At intervals, the memory is switched from the read mode 

so lo the write mode for updating its conlenls corresponding to the delayed version of the delected amplitude. 

Preferably, the nonlinearity detector means comprises an error detector for detecting amplitude and phase errors 
between a delayed version of the input complex signal and the low frequency complex signal and update means for 
producing the new amplitude and phase correction values from the amplitude ar^d phase er rot s ar^d the delayed vet - 
sions of the amplitude arid phase correction values. More specifically, the amplitude and phase errors are represented 

S5 by a ratio between the delayed version of the input complex signal and the low frequency complex signal^ and the new 
amplitude and phase correction values are derived through an integral feedback control path connected to the output 
of the memor/ by multiplying the delayed version of the amplitude correction value by the amplitude error and sub- 
tracting the phase error from the delayed version of the phase correction value. 
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BREF DESCRIPTION OF THE DRAWINGS 



The prcscm invention vjill be described in further dct;5il with reference to the acconnpflnvinq dr^iwincjs, in which: 

Fig. 1 is a block diagram of a wideband transmission apparatus according to Ihe present invention; 

Fig. 2 is a block diagram of a complex multipliar used in the present invention; and 

Fig. 3 is graphic representations of tho amplitude rjnd phase chai^^cteristics of a high -power amplifier. 



DETAILED DESCRIPTION 

TO 

Referring noxv to Fig. 1, there is shown a radio transmitter incorporating the high-pox'ver linear amplifier of the 
present invention. The inventive transmitter generally comprises a DSP (digital signal processor) section 10 and a 
frequency conversion section t1. The DSP section 10 receives the in-phasc (I) and quadrature (Q) components of a 
wideband FDM (frequency division multiplex) signal from a trans multiplexer 20 where a plurality of input analog signals 
are frequency -division multiplexed and converted to digital complex signals. The DSP section 10 includes digital wave- 
form-shaping titters 21-1, 21-2 where the I and O component signals are respectively waveshaped. The outputs of 
digital titters 21 -1 , 21-2 are coupled toa complex multiplier 22 where they are multipiied by amplitude and phase control 
signals t^and p supplied from Pi control memory 25 to compenssite for the nonlinearity of a high-power ;^fnp lit ier 12 
connected lo the output of frequency conversion secCion 11 . 

20 In order to read the control signals from control memory 25, the outputs of filters 21 -1 , 2l -2 are supplied to an 

envelope detector 23 and a delay unit 27. The envelope detector 23determines the absolute value of each component 
of the complex signal, combines the absolute values to produce a sum and finds its square root, giving an amplitude 
of the complex signal. This signal is applied direct to one input of a selector 24 and via a delay unit 28 to the other 
input. The output of selector 24 is used by the control mcmoiy 25 as ^n address to read a set of amplrtudc and phase 

2S correction values fx, and p. The control data from control memory 25 is supplied via a latch 26 to the complex multiplier 
22 and via a delay unit 29 to an update memory 30. Latch 25 is driven at the data rate of the incoming signal by clock 
pulses supplied from a clock generator 43. 

The outputs of complex multipliers 22 are converted toari?5log signals by digital-to-analog conveners 4-1-1, 41 -2 
of the frequency conversion section 11 which are driven by the clock generator 43 and fed to a QAM (quadrature 

oo amplitude modulation) modulator 42 whore the analog I and Q signals arc amplitude-modulated onto radio-frequency 
quadrature carriers Ifip and Oppfrom an oscillator 44. the modulated carriers being combined together to produce an 
up-converted QAM signal. The output of QAM modulSitor 42 is amplified by the high-power amplifier 12 and transmitted 
via one of the output ternninats o1 a directional coupler 13 to an antenna system 1 4. The other output terminal of the 
directional coupler 13 is connected Lo a QAM demodulator 45 where it is demodulated using the quadrature carriers 

05 from oscillator 44, recovering f and Q down -converted analog signals. Thescdown-convcrtod analog signals arc trans- 
lormed lo digital signals by A/D converters 46-1 , 46-2 and applied lo an error detector 31 to which the outputs of delay 
unit 27 are also applied. An amplitude error A<z,ar>d a phase error Ap are detected hetweer'i the outputs of delay unit 
27 and those of A/D converters 46-1, 46-2 in the error detector 31 and supplied lo iho update memory 30. 

Delay units 27. 26 and 29 arc shift registers that provide a delay to their input signal corresponding to the time 

4C7 taken lor the complex signal to reappewr at the outputs of A/D converters 46-1. 46-2. A liming controller 32 is driven 
by clock generator 43 to supply a switching control signal to the selector 24 and a read/Wife control signal to control 
memory 25 at a predetermined frequency (typically in the range between 100 kHz and 10 MHz) so that, at periodic 
intervals, the control memory 25 is switched to write mode and the output of delay unit 28 is selected to specify a set 
of amplitude and phase correction values stored in control memory 25 Hnd rewrite the specified correction values with 

45 ihe outputs of update memory 30. 

When the control memory 25 is in a read mode, the output of envelope detector 23 is selected by selector 24 and 
is used by control memory 25 to read a set of amplitude and phase correction values into the latch 26. 

As illustrated in detail ir^ Fig. 2. the complex multiplier 22 includes multipliers 50-1 and 50-2 for multiplying the 
output signals x and y of filters 21-1 and 21 -2 by the amplitude correction value a. The phase correction value [i is 

50 translated Lo a cosine and a sine value by cosine and sine rend -only memories 52 and 63> respectively. The output ol 
cosine memory 52 is supplied to multipliers 51-1 and 51-3 to which the outputs of multipliers 50-1 and 50-2 are re- 
spectively supplied, whereas the output of sine memory 53 is supplied to multipliers 51 -2 and 51 -4 to which the outputs 
of multipliers 50-2 and 50-1 are respectively supplied. An adder 54-1 provides summing of the outputs of multipliers 
51-1 and 51 -2 to produce an amplitude and phase compensated signal I represented by u(>r cos + ysin [^) and an 

55 adder 54-2 provide summing of the outputs of multipliers 51 -3 and 51 -4 to produce amplitude and phase compensated 
signal O represented by a(x sin (3 i-ycosfl). In a complex notation, the outputs of adders 54-1 and 54-2 are alternatively 
represented by the relatior^ {x i jy)aexp jp. 

Thus, the input oithogonal components I and Q are multiplied in amplitude by the factor (z. and rotated in phase 
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angle by the factor f>. Since the factors uand fi are both retrieved from control memoiy 25 correspondirig to the amplitude 
of the incoming signals I and Q, the output signal of the high-power amplifier t2 is linear as a (unction of the amplitude 
of its inpui signal. 

There fore > whon Iho conlrol memory 25 is opcmlinq in a rowd mode, Ihc circuil including ihc envelope d dec lor 
5 23, selsclor 24, conlrol nnemory 26 c*nd lalch 26 forms « f&edforward conlrol syslsm for the complex multiplier 22 and 
the non linearity of the high-power amplifier is compensated. Because of the high speed operating capability^ the feed- 
forward corMrol is advantageous for linear high -power amplifier I on of a wideband (high speed) signal. 

However. Irom Ihc syslcm's alfsbilily v/icwpoinl Ihc feedforward conlrol is no I swllsfrtclory since Ihc nonlincttrily of 
the high -power ttmplificr varies with opcraling Icmpcralurc^ eind Ihc I ransmi tier's ope ruling paramclcrs lend lo vary 
JO wilh lime. The present invenlion solves Ihess shortcomings wilh Ihe use of a negalive feedback syslem comprising 
the OAM demodulator 46. A/D converters 46. error detector 31 , update memory 30 and an integral -feedback control 
loop formed by delay unit 29 connected between control nnemory 25 and update memory 30. 

This ncgalivo feedback sysLcnn operates when Ihc conlrol memory 25 is switched lo a wrilc mode under Ihc conlrol 
of liming controller 32. During this write mode, Ihe amplilude error wnd the phase error Afi wre supplied from error 
tS detector 31 to the update memory 30 and the amplitude and phase correction values a and which were used to 
control Ihe outputs of A/D converters 46 are supplied from delay unit 29 to the update memory 30. As will be described 
in detail later, update memory 30 produces new amplitude and phase correction values a' and ji" from the error values 
Aij'.and A fS arid the values a and pi stored in control memory 25 In locations corresponding to the simplltude of the input 
complete signal. The oulpul of delay unil 28 is selected by liming conlroller 32 lo specify a sal of amplilude and phase 
^0 correction values stored in control memory 25 and the specified correction values are rev/ritten with the new correction 
values from update memory 30, 

The following Is a quantitative analysis of the negative feedback system of the present invention, 
AssurTilrig that the high-power amplifier 12 has a nonlinear characteristic as illustrated in Fig. 3, where the ideal 
linear charactcristie of the amplifier Is represented as B = GA, where B Is the amplitude of the output signal, G is the 
25 amplification factor and A is the amplitude of the input signal. Due to the nonlinearily of amplifier 12. the amplifier's 
input signal Vj(t) and the output signal V^(t) are given in the fomi: 

Vj(i)- Aalcosla)l + <^a)l (d 

00 - B(A(t)) cos {<Dt i mi e(A<t))l {2) 

where. A(l) is the amplitude of the input signal and art is the angular frequency of the input signal, and the amplitude 
B(A(t)) and the phase S<A(t)) are both nonlinear functions of amplitude A(t). 

As showri in Fig. 3, when the input amplitude A is smaller than Aq, the amplitude characteristic is substantially 
linear and the phase characteristic is substantially flat, i.e.. f)(A(t)) = 0. When the input voltage is A^, the output voltage 
^ is at Bi short of the ideal point Bg. The output voltage reaches Bg when the input is driven to as far as point A^. When 
Ihc tnpul volltiQo is higher lhan Aq, the phtiso characlcrislic also onlers the non line tir £onc. tl is seen Ihcroforc lhal by 
controlling the amplitude and phase of the amplifier's input signal as a function of the amplitude A(t), the high power 
amplifier 12 can be said to operate as a linear amplifier 

By designating the amplitude and phase correction values <i(A(t)) and (MA(t)) as «(A) and tKA>. respectively, the 
inpul and oulpul signals of high -power amplifier 12 arc rep rose n led as follows: 

Vj(t) = «,(A) - A(t) cos fmt + (Kt) + (MA)1 (3) 
V^(t} B<a(A) A(t)) cos {a.t ^(t) i- f5(A} y(a(A) A(t)}} (4) 

45 

If ct(A) tind f5(A) arcdclcrmined so lhal Ihc following rclalions hold. 

IMrx(A) AO)) = G . A(l) (5) 

50 (5(A) -y(«(A)A{l)) (6) 

Equation (4) can be rewiitten as: 

V^Ct) = G - V.(t) (7) 



55 



Specifically, «(A) and (i(A) are delermincd by Ihe inlegral conlrol provided by Ihe loop formed by delay unil 29 as 
follows. 

The feedback" signals V, from A/D converters 46 can be denoted as Vf = vVgCt - x), where -y is the amplitude atten- 
uation factor of Ihe feedback path and X is ihe delay lime introduced by dcttiv units 27, 26 and 29. Since Vr's a complex 
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signal, it can be given as: 



vB{«(A} A(l-T)} axp j{^ (l-t) + [i(A) + e(A(l-t))} (8) 
By repre^enling Ihe inpul signals of complex mulliplier 22 as: 
^ V^(i) = A(t) exp j(Ki) (9) 

the erf Of detector 31 solves the following calculation, 

Vj^f^^^^^^f^^""^ jtP(A) .fiMA)A(t))} (10) 
wnd produces line amplilude and phase error vyiues as follows: 

,5 A|MA) = |i(A) + fl(tr(A)A(t)) (12) 

By using the output signals of error detector 31, update nnemory 30 produces new correction values a(A)' and fJ 
(A)' according to the following relations: 

a(A)' - a(A) (Aa (Air (13) 

20 

|5(AV-p(A)-K^ A(1(A) (14) 

where, K is Ihe phnse control loop gain, which musl be in Ihe range between 0 and 1 for Ihe slabiiily of Ihe loop, and 
m is the amplitude control loop gain, which must also be in the range betxiveen 0 and 1 . From Equations (11 ). (12). (1 3) 
and (1 4). it can be shown that the system operates as a negative feedback system. 

When the transmitter is in a steady state (i.e., the control memory 25 is in a read mode), u(A)' = (i(A), (^(A)' = [H 
(A), and A*i(A) = t. From Equation (11), the following relation holds: 

(^(t^(A)A(t)) = (1/7)A(t) (15) 

By selling y equal lo 1/G, Equation (15) is rewriUen as: 

l3(a(A)A(l))-G. A(l) fl6) 

EquHlion (16) indicales ihHl the inpul-oulpul amplilude characlerislic of Ihe high-power amplifier 12 is linearised. In 
addition, since the phase error AfJ{A) during the steady state is zero, the output of the high -power amplifier 12 is given 
as follows by rewriting Equation (4): 

Vo(t) B(a(A) A<r)) oos {gjc + «(t) + p(A) * e(a(A) A(t))} 
= G • A(t) cos [tat t- *(t)} 

= G Vi(0 (17) 

Equation (17) indicates that the input -output phase characteiisiic of amplifier 12 is linearized. 

From the foregoing discussion it is scon that the focdtorv/ard control path of the tiansmiiier performs high speed 
adaptive conlrol on a wideband signal and the feedback control palh periodically updates the eidaptivc conlrel param- 
eters according to the integral feedback control algorithm so that they adapt to changing circuit parameters that vary 
with time. 

In addition, the lir^earization circuitiy of the present invention is suitable for implerrientatiof^ with digital circuit lech- 
riology advantageously for low pov>or consumption and ooinpacT design. 

Clalmd 

1. A transmission apparatus comprising: 

a complex multiplier for multiplying an input complex signal by control signals and producing a compensated 
complex signal; 

an up-convortcr for convotting the compensatod corrtplcx signal to a high frequency signal; 
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a power arriplitier tor arT^plifying the high frequer^cy signal for transmission; 
an envelope detector for detectir^g an amplitude of said Input complex signal; 

fl memory hav/ing a plurality of locfatlons for storing a plurality of sots of amplitude and phase correction values. 
Ihc memory supplying a set of ampliludc «nd phtiso correction values from a localion spcciHcd by Ihc dcloclcd 
5 amplilud© lo Ihe complex amplirier as said con Irol signals during a read mode and rewriling a sel of amptilude 

and phase correction values stored in a location specified by a delayed version of the detected amplitude with 
new amplitude and phase correction values during a write mode, 

« down-convcrlcf for con vcr ling Ihc Hmpliricd high frequency si^nHl lo h low frequency complex stgn«l; 
nonlincarily dclcclor mcttna for dolccling nonlincarily of said power amplifier from a delayed version of Ihc 
10 inpul complex signal and Ihe low frequency complex signal and producing said new amplitude and phase 

correction values from the detected nonlinearity and delayed versions of the amplitude and phase correction 
values supplied to said complex multiplier; and 

means for periodically sv/ilching said memory from Ihc read mode to the vrrilc mode. 

{5 2. A transmission apparatus as claimed in claim 1 , wherein the nonlinearity detector means comprises: 

an error detector for detecting amplitude and phase errors between a delayed version of the input complex 
signal and the low frequency complex signal; and 

update means for producing said new amplitude and phase correclion values from the amplitude and phase 
20 errors and said delayed versions of the amplitude and phase correction values. 

3. A transmission apparatus as claimed in claim 1, wherein the error detector includes means for producing said 
amplitude and phase errors by a ratio between said delayed version of the input complex signal and the tov/ 
frequency complex signal to detect said amplitude and phase errors, and wherein said update means includes 

2S means for multiplying the delayed version of the amplitude correction value by the amplitude error and subtracting 

the phase error from Ihe delayed version of the phase correction value. 

4. A transmission apparatus as claimed in claim 2. wherein said update means comprises a memory for convening 
the delayed versions of the amplitude and phase correclion values to said new amplitude and phase correction 

00 values according to the ampliludc and phase errors. 

5. A transmission apparatus as claimed in claim 1 . further comprising a multiplexer for freque ncy division multiplexing 
a plurality of signals to produce a frequency-division multiplex signal, and converting the frequency-division mul- 
tiplex signal lo said inpul complex signal. 

6. A transmission apparatus as claimed in claim 1 > wherein said up-converler comprises a quadrature modulator and 
said down -converter comprises a quadiature derriodu later 

7. A mclhod for linearly operating a power amplifier, comprising the slops of: 

40 

a) detecting an amplitude of an input complex signal; 

b) reading a set of amplitude and phase correction values from a location of a memory specified by the detected 
amplitude; 

c) multiplying the input complex signal by the read ampliludc and phase correction vtilucs to produce a com- 
45 pen sated complex signal; 

d) converting the compensated complex signal to a high frequency signal and supplying the high frequency 
signal to the power amplifier; 

e) converting an output signal of the power amplifier to a low frequency complex sigr^al; 

f) detecting nonlincarily of said power amplifier from a delayed version of the inpul complex sign til and the low 
50 frequency complex signal and producing a sel of new amplitude and phase correction values from the detected 

nonlinearity and delayed versions of the amplitude and phase correction values read by the step (b); and 

g) rewriting a sel of amplitude and phase correction values stored in a location of the memory specified by a 
delayed version of the amplitude detected by the step (a) with the new amplitude ar^d phase cor rection values 
produced by the step (f). 



55 



8. A method as claimed in claim 7. wherein the step (f) comprises the steps of: 

f , ) detectirig amplitude ar^d phase errors betv/een the delayed version o1 the input complex signal and the low 
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frequency complex signal; and 

y pioducing said new ^implltude and ph/isecoi rectiorwalues from the artiplitudeafid phase errors and delayed 
versions of tlic amplitude and phase correction values rend by the step (b); 

5 9. A melhod as claimed in claim 8. wherein the slep (f,) includes Ihe slep of producing swid amplilude <ind phwse 
errors by a ratio between said delayed version of the input complex signal and the tow frequency complex signal 
to detect said amplitude and phase errors, and wherein the step (f2) includes the step of rr^ultlplying the delayed 
version of Ihc Hmpliludc correction v«luc by Ihc Hmpliludc error and sublr«cling Ihc ph«sc error from Ihc delayed 
version of Ihc phase correction v«luc. 

to 
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r. : daoumon* ated for otlver rastm* 



A : nMTihvp nf tlift ttsme pstcat family, oom-:j>rtftdInR 
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• 



EP 0 731 SSB A1 



l^urnpcan Patent 

omoe 



EUROPEAN SEARCH REPORT 



AppSlcailDn Number 

EP 96 30 1531 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CiJuttDD oi dominrffl -mth indivutinn, ntkere ftppraftriatc, 



EP"A-0 632 624 ( LABORATOl RES 
D'ELECTRONiqUE PHILIPS) 

* column 7, line 14 - column 8, line 45; 
figures 11,12 * 

COUUTDOWH TO THE NEW HILLEHMIUM, PHOENIX, 
DEC. 2-5, 1991. 

vol. 3 OF 3, 2 December 1991, INSTITUTE OF 
ELECTRICAL AND ELECTRONICS ENGINEERS, 
pages 1551-1655, XPO0O313664 
GAMG FEMG ET AL: "A MODIFIED ADAPTIVE 
COMPEPiSATlON SCHEME FOR NONLINEAR 
BANDLIMrTED SATELLITE CHAHHELS" 

* the whole document * 

EP-A-G 38Q 167 (LABOfiATOIRES 
O'ELECTftOrilQUE PHILIPS} 

* the whole document * 



EP-A-O 387 948 (LABORATOl RES 
D^ELECTRONIQUE PHILIPS) 
* column 7, line ^3 - column 8. 
figure 4 * 



line 35; 



Thr prfs«nl <UMgvt rejjoit hiu: been Uniwn <v for uU dwrrs 



RetevuK 
to daira 



n.A&sincAriDN or the 



BERLIN 



C>«c «T caw^aipa «tf tie 

12 June 1996 



Breusing* J 



X : pirtlculifly nievuil U Cskea alone 

Attction«n[ Of mc fuoe csite^iy 
O : notn^wnritcai dirtjioaurc 



K : wrtlltf soAmtt 4iiililn«nl, Uul puUlitUid i>n, tit 

n r dncumoil otcd in the spptimim 
docuTRCAf dtcd Air other reucnv 



dnruiiMtnrt 
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